OBJECTIVE: To assess the relationship between weight cycling and some cardiovascular risk factors in a wide sample of obese subjects. DESIGN: Cross-sectional study with retrospective evaluation of weight and dieting history. SUBJECTS: In all, 459 obese subjects, 340 women and 119 men (age: 19-65 y; BMI: 30-69 kg/m 2 ). MEASUREMENTS: Body composition and fat distribution (by bioelectrical impedance analysis and anthropometry), systolic and diastolic blood pressure, plasma glucose, total and HDL cholesterol, triglycerides, insulin and insulin resistance by HOMAir, various weight cycling indices. RESULTS: A positive correlation between weight cycling indices, BMI and percent body fat was found in both genders. Also, the maximum absolute amount of weight regained following a single diet episode was significantly associated to insulin and HOMAir in both genders. However, these correlations disappeared when the data were controlled for age and BMI. CONCLUSION: In obese subjects of both genders weight cycling, and in particular weight regain, does not appear to be associated with adverse effects on body composition, fat distribution or cardiovascular risk factors in an independent manner, but rather in relation to fat accumulation over years.
Introduction
Weight cycling consists of repeated intentional weight losses followed by regains. Some epidemiological studies have suggested a relationship between weight cycling and total and cardiovascular mortality with a relative risk similar to the risk attributed to obesity and to several of the cardiovascular risk factors. [1] [2] [3] [4] [5] [6] In these studies, weight cycling has been hypothesised to influence mortality by increasing percent visceral fat over total body fat and/or by a negative effect on cardiovascular risk factors such as blood pressure, blood lipids and insulin resistance. Other studies had, however, shown no effect of weight cycling on cardiovascular mortality [7] [8] [9] or on cardiovascular risk factors. [10] [11] [12] [13] Reed and Hill, 14 in a review of the animal literature published in 1993, concluded that animal studies did not support evidence of adverse effects of weight cycling on body composition and energy expenditure. The National Task Force on the Prevention and Treatment of Obesity 11 in 1994 concluded: 'There is no convincing evidence that weight cycling in humans has adverse effects on body composition, energy expenditure, risk factors for cardiovascular disease or the effectiveness of future efforts at weight loss'. In a recent study, Petersmarck et al 12 examined the impact of weight cycling on blood lipid concentrations and blood pressure levels in a very large sample of men (Multiple Risk Factor Intervention Trial Special Intervention Group) in whom weight cycling has been associated with increased mortality. 4 The authors did not find any effect of weight cycling on total cholesterol, HDL, ratio of total cholesterol to HDL or diastolic blood pressure (DBP). 12 In contrast with the above-quoted studies, two recent reports again suggested that weight cycling was associated in women with a higher risk of hypertension 15 and lower HDL cholesterol. 16 One reason for this variability of results may arise from the fact that different studies used different indices of weight cycling, since there is as yet no established definition of the term. 11 Another problem is related to the difficulty in controlling the effects of weight cycling for confounding variables. 10 Finally, the outcome of weight cycling may be different in lean and in obese, especially morbidly obese, individuals. Only a few studies have analysed separately lean and obese subjects, 4, 6, 15, 16 and among those studies including obese subjects, the great majority of them were overweight or with mild-to-moderate obesity, 2,4,6,9,10 and very few had morbid obesity. The aim of our study was to assess the relationship between weight cycling and some major cardiovascular risk factors, namely blood pressure, lipids and insulin resistance, in a sample of obese subjects of male and female gender. All patients, who were recruited over a 12-month period, had been admitted to the Division of Endocrinology and Metabolic Diseases of San Giuseppe Hospital, Verbania, Italy for diagnostic and therapeutic problems related to obesity or its comorbidities.
Patients and methods

Patients
They all had stable weight during the month prior to the study.
Patients with concomitant severe renal or hepatic diseases were excluded.
The aim and the design of the study were approved by the Hospital Ethics Committee, and informed consent was obtained from all patients.
The study protocol included the assessment of patients' history, clinical chemistry, body fat distribution, body composition and blood pressure.
A detailed weight and dieting history was collected by interview. Information about use of medications was also recorded. Fasting blood samples were taken for measurements of plasma glucose, insulin, total and HDL cholesterol, triglycerides and assessment of insulin resistance.
Methods
Body fat distribution was assessed by measuring waist circumference, which was taken as the smallest standing horizontal circumference between the ribs and the iliac crest.
Fat mass (fat percentage) was determined by bioelectrical impedance analysis (BIA 101/S, Akern, Firenze, Italy), in the fasting state.
Systolic blood pressure (SBP) and DBP were measured on the left arm using a standard mercury sphygmomanometer, on two consecutive mornings after at least 5 min rest in the supine position. The lowest reading out of the two was then chosen.
Glucose, total and HDL cholesterol, triglycerides were determined by an enzymatic method and insulin by immunoenzymatic method (Tosoh, Kyobashi chuo-ku, Tokio, Japan). Insulin resistance was assessed by HOMAir. 17 Weight and dieting history was collected by interview according to the technique described by Wadden et al 18 by the same operator. Patients were interviewed to determine the number of previous diet episodes resulting in reduction of more than 5% of the body weight at the beginning of each diet episode that had occurred in adulthood. For each diet episode fulfilling the above definition, patients were asked to recall: (a) age at the start of each diet episode; (b) its duration; (c) their body weight at the beginning and at the end of each episode; (d) the amount of weight regained over the 2 y following each weight loss episode. This 2 y cut-off was arbitrarily chosen since previous studies have shown that, following voluntary weight loss, most weight is gained back within this time interval. Subjects rated their confidence in the accuracy of their weight and dieting history and on a 1-10 scale, in which 1 signified not at all confident and 10 signified very confident. Only those with rates equal or superior to 6 were evaluated for study purposes.
The following parameters were assessed as indicators of weight history and of weight cycling: 
Statistical analysis
For statistical analysis regarding blood lipids, subjects with diabetes or using lipid-lowering drugs were excluded (subjects retained: n. 387, 301 F and 86 M); for analysis of blood pressure values subjects using antihypertensive drugs were excluded (subjects retained: n. 316, 231 F and 85 M). Also, diabetic patients were excluded from statistical analysis of HOMAir and plasmatic levels of glucose and insulin (subjects retained: n. 398, 305 F and 93 M). The statistical analysis was performed by SPSS software package. Data were log transformed when not normally distributed. Bivariate and partial correlation analysis was used to assess the relationship between risk factors, anthropometric indices and parameters of weight cycling after excluding outliers and checking for homoscedasticity. A further analysis was performed by dividing the sample into quartiles by the weight cycling indices and using one-way analysis of variance (ANOVA) to look for differences between quartiles.
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Results
The demographic and clinical characteristics of patients, according to gender, are reported in Table 1 . Approximately half of them had a BMI equal or superior to 40 kg/m 2 . Table 2 shows some data relevant to the frequency and magnitude of weight cycling in the study sample. In all, 53% of subjects reported Z3 diet episodes, while only 8% of subjects did not report previous diet episodes; women reported more diet episodes and had higher values of cum%out, cum%in and maxkgout than men.
Anthropometric indices and cardiovascular risk factors
Age was significantly correlated with blood glucose in men (Table 3 , Panel A), and with blood glucose, total cholesterol, triglycerides, systolic and diastolic blood pressure in women (Table 3 , Panel B). In women, BMI, fat percentage and waist were significantly correlated with most of the cardiovascular risk factors, while fewer significant correlations were found in men (Table 3 , Panels A and B). In particular, fat percentage and waist in women are positively correlated with glucose, insulin, HOMAir, SBP, DBP and negatively with HDL cholesterol; in men fat percentage and waist were only correlated with insulin and HOMAir.
After correcting for both BMI and age, in women waist still correlated with insulin (R ¼ 0.23; Po0.0001) and HOMAir (R ¼ 0.23; Po0.0001). In men, after correction for both BMI and age waist was no longer resulted associated to any metabolic parameter. Table 4 , Panels A and B shows the results of correlation analysis in men and women.
Weight cycling and anthropometric indices
Age was negatively related to all indices of weight regain in women (maxkgin, totkgin and cum%in) and to maxkgin in men.
A statistically significant positive correlation between weight cycling indices and BMI was found in both genders.
Fat percentage was also positively correlated with several weight cycling indices in both genders.
In men, significant positive correlations were found between waist circumference and indices of weight regain (maxkgin, totkgin and cum%in). In women, positive correlations were found between waist circumference, maxkgin and maxkgout.
When the data were controlled for both age and BMI, in men (analysed as whole group), only maximum maxkgin remained significantly correlated to fat percentage (R ¼ 0.24, 
Weight cycling indices and cardiovascular risk factors
In men, maxkgin correlated positively with insulin and HOMA, and totkgin with insulin alone (Table 5 , Panel A). In women, maxkgin correlated positively with insulin and HOMAir; maxkgout correlated positively with SBP, while all three indices of weight regain (maxkgin, totkgin and cum%in) correlated negatively with SBP (Table 5 , Panel B). When subjects were subdivided into quartiles according to weight cycling values, no significant differences were observed, in each gender, for cardiovascular risk factors between quartiles of number of diet episodes, cum%out, cum%in, maxkgout, totkgin and totkgout; on the contrary, the highest quartile of maxkgin in women (22.0-64.0 kg) and in men (27.0-48.0 kg) were associated with increased values of insulin and HOMAir Weight cycling and CV risk in obesity S Graci et al vs the lower quartiles ( Figure 1 ). After controlling for age and BMI, none of the indices of weight or weight cycling was correlated with any of the cardiovascular risk factor in men, whereas in women only the negative correlation of SBP with totkgin (R ¼ À0.14, Po0.05) and cum%in (R ¼ À0.16, Po0.02) was significant.
Discussion
Although several studies have addressed the relevance of weight cycling on cardiovascular disease, the overall available data on this problem are still inconclusive since a significant effect of weight cycling on risk factors and mortality has been described in some reports 15, 16 but not in others. [10] [11] [12] [13] However, few reports have specifically addressed obesity and not the general population, and none has dealt with this problem in a large series of obese patients of both genders and with a wide range of BMI. There are a number of prospective studies in the literature on weight cycling in the general population and in animal models, while there is only one prospective study 13 carried out in overweight patients over a relatively short period of observation (30 months), and that already had previous weight loss attempts. This resembles the difficulty of carrying out true prospective studies on weight cycling in obese subjects, which should ideally be naive of previous weight loss attempts, and which should be amenable to a long-term follow-up. In the real world, very few obese patients presenting to specialised centres did not have previous dietary episodes (5% in women, 15% in men in our study), and they drop out at a very high rate. Therefore, we believe that a reasonable approximation to the ideal Weight cycling and CV risk in obesity S Graci et al situation can be offered by a cross-sectional study on a large cohort using a standardised procedure, as it is the case of the present study. Our study shows that in a sample of obese subjects of both gender with a highFon averageFfrequency and magnitude of weight cycling, indices of weight regain were associated with some adverse effects on body composition, fat distribution, blood pressure, plasma lipids, fasting glucose and insulin resistance. In particular, the maximum absolute amount of weight regained following a single diet episode, showed a relevant impact on risk factors for cardiovascular disease. This effect was mainly based on the subgroup with a history of extreme weight regain (the upper quartile). Moreover, none of the indices of weight cycling was any longer positively correlated with any of the cardiovascular risk factors after controlling for age and BMI. These data allow us to conclude that weight cycling did not seem to affect body composition and body fat distribution adversely in an independent manner, but only in relation to the amount of fat accumulation over years.
Thus, our results do not support the hypothesis that weight cycling per se may adversely affect cardiovascular risk factors, at least in obese subjects.
Unlike what was done in the majority of the studies, we used not only the number of diet episodes as an index of frequency of weight changes but also several indices of magnitude of weight fluctuations, that is, maximum percentage and maximum absolute amount of weight loss in a single diet episode, maximum percentage and maximum absolute amount of weight regained following a single diet episode, cumulative sum of percentage weight loss and cumulative sum of percentage weight regained.
By this approach, we have demonstrated that the number of diet episodes is of no relevance on the variables concerning anthropometry and cardiovascular risk factors in women, whereas in men it is related only to fat accumulation (BMI and percent body fat) but not to its distribution. Most indices of magnitude of weight cycling (either absolute or relative) were associated with BMI and with percent body fat in both gender. It is interesting to consider that in our sample, indices of weight regain (but not of weight loss) were associated in men with waist, and therefore with fat distribution; in women, only maximum amount of weight lost or regained in a single episode was significantly related with waist. Indeed, unlike what might have been expected, when data were adjusted for age and BMI, in women weight cycling was associated to lower waist circumference.
In both genders, maximum amount of weight regained was associated with insulin and HOMAir. However, the analysis based on quartiles of this weight cycling parameter shows that only values in the highest quartile significantly affect parameters of insulin resistance. Since adiposity, which in turn is related to BMI, is a known determinant of insulin resistance, 20 a cause-effect association between weight cycling and development of insulin resistance is likely.
In the study by Guagnano et al, 15 the authors, examining a sample of obese women with no hypercholesterolemia or smoking habits, documented that, after adjusting for age, BMI and lifestyle parameters, the risk for hypertension significantly increased with a more abdominal fat distribution evaluated by waist-to-hip ratio and with a positive history of weight cycling. We were unable to demonstrate a positive association between weight cycling and elevated blood pressure as did Guagnano et al. 15 However, we excluded patients on hypertensive drugs from the analysis; therefore, mild hypertensive subjects only were included, and this also might in part explain the differences between the two studies. The second report 16 was a cross-sectional sample study of 485 women with risk factors for coronary heart disease (CHD) undergoing coronary angiography for evaluation of suspected myocardal ischaemia enroled in the WISE study. The authors, also after stratifying the sample according to the presence or absence of obesity (BMI 430), found a negative relationship between HDL-C levels and reported weight cycling, while they did not find a significant association between reported weight cycling and angiographic CHD. The lack of an established definition of weight cycling could have played a role in explaining the variability of results among the studies. More in general, the majority of epidemiologic studies on weight cycling and mortality have been carried out on either non-obese or only mildly obese subjects; the two studies that stratified sample by BMI showed that weight variability was more strongly related to mortality in lean than in obese subjects. 4, 6 Therefore, weight cycling may not have significant effects in a sample of obese subjects, about half of whom were morbidly obese, like the sample in the present study.
In conclusion, the present study shows that when examining the various components of weight cycling separately, weight loss has no adverse effects on cardiovascular risk factors that are associated with weight regain. Thus, patients should not be discouraged from trying to lose weight as for claims from the lay press, 21 but the importance of avoiding weight regain should be stressed.
